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ABSTRACT 



Apparatus, for recording information on a flexible mag- 
netic slave disk by contact transfer of information re- 
corded on a flexible magnetic master disk, includes a 
U-shaped electromagnetic device terminating, respec- 
tively, in a first planar pole tip axially aligned with a 
second movably mounted planar pole tip, to defme 
predominately a single closed-loop flux-conducting 
path extending through a contact-transfer zone between 
the pole tips. A linear actuator, coupled to the movable 
pole tip, serves for relcasably mounting the master disk 
in intimate facing relationship with the slave disk in the 
contact-transfer zone between the planar pole tips. Con- 
trol circuitry applies an alternating electrical signal to 
the U-shaped electromagnetic device to develop an 
alternating magnetic field in the closed -loop flux-con- 
tacting path that produces a corresponding alternating 
magnetic transfer field extending axially in the contact- 
transfer zone between the planar pole tips. 

8 Claims, 2 Drawing Sheets 
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APPARATUS FOR ANHYSTERETIC 
DUPLICATION OF A FLEXIBLE MAGNETIC DISK 

BACKGROUND OF THE INVENTION 5 

1. Field Of the Invention 

This invention relates to magnetic recording, and in 
particular to anhysteretic duplication of a pre-recorded 
floppy diskette. 

2. Description Relative To The Prior Art 
Magnetic recording media play a critically important 

role in the storage of digital data. A floppy diskette or 
disk is currently one of the most commonly used mag- 
netic media; millions of both pre-recorded and unre- )5 
corded diskettes are sold for use in personal, office and 
workstation computer systems. 

A diskette must be appropriately formatted before it 
can be utilized in a computer system. Formatting in- 
volves recording markers on the diskette which divide 20 
the recording surface into identified seaors, and which 
provide synchronizing signals essential in recording and 
reading information on the diskette. High-track-densiiy 
applications of formatting may also include writing 
tracking servo signals over the recording surface. For- 25 
matting can be a very time consuming job, and an unfor- 
matted diskette is usually formatted on a diskette drive 
of the user*s system by recording formatting signals 
under control of the disk operating system (DOS) of the 
computer. Pre-formaited diskettes are available in the ^0 
marketplace, and in the prior art such diskettes have 
generally also been formatted in so-called real time by 
the manufacturer on standard disk drives. Using the 
DOS of an associated computer, these diskettes are 
individually formatted by means of signals applied to 
the recording head of the disk drive in substantially the 
identical manner to the process used in a personal com- 
puter diskette formatting operation. 

There is also an extremely large market for pre- ^ 
recorded diskettes containing application programs. 
Word processing programs, database programs, compu- 
tational programs, and games programs are just a few of 
the myriad pre-recorded programs available on dis- 
kettes. Generally, these programs have similarly been 
transferred from master recordings to slave diskettes by 
conventional re- writing. The master is read by a stan- 
dard disk drive, and the read signals are fed in real time 
to one or more satellite recording drives on which the 
slave diskettes are mounted. This method of duplica- ^ 
tion, which is essentially the same as the pre-formatting 
method described above, is similarly slow, laborious, 
and expensive to implement. 

It is also known in the art that a magnetic pattern may 
be anhysteretically transferred from a master medium to 55 
a slave medium by means of a magnetic transfer field 
applied to the master and slave. In anhysteretic process- 
ing, the master medium, which typically has a coerciv- 
tty of about three times that of the slave medium, is 
placed in intimate contact with the slave medium. The 60 
tn-contact master and slave are both subjected to a 
decreasing-amplitude alternating-polarity magnetic 
field. The transfer field is not of great enough strength 
to substantially affect the magnetization of the master, 
the transfer field docs, however, successively switch the 65 
magnetization of the magnetic particles of the slave 
between two magnetic states. As the amplitude of the 
transfer field is decreased, the remanent magnetization 
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of the slave assumes a final value proportional to the 
magnetization of the master. 

Kokai No. 63-183623 discloses apparatus for pre-for- 
matting a fiejiible slave disk by an anhysteretic transfer 
process. For that purpose, the flexible disk is mounted 
on a roiatable shaft between opposing poles of a pair of 
electromagnets which cooperatively provide a mag- 
netic transfer field. In order to subject opposite surfaces 
to a transfer field of similar intensity, the flexible disk is 
held in a fixed plane midway between opposing poles of 
the two electromagnets. This is accomplished by sand- 
wiching the slave disk between a pair of rigid or hard 
disks, which also serve as pre-formaited master media. 

Although pre-formatted information is duplicated on 
a flexible disk by an anhysteretic transfer process, the 
apparatus of 63-183623 introduces additional cost and 
complexity into the duplication process. First, such 
apparatus is of a hybrid form. That is, a hard disk drive 
is required to pre-format the two master disks, whereas 
a soft or floppy disk drive is needed for reading the 
pre-formatted flexible disk. Second, the two electro- 
magnetics and their associated drive coils must have 
matched magnetic characteristics in order to subject 
opposing surfaces of the flexible disk to a magnetic 
transfer field of substantially the same intensity. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present 
invention is to provide apparatus suitable for a low-cost 
operation for effecting an anhysteretic transfer onto a 
flexible slave diskette. 

To achieve an object characterized by low cost, the 
anhysteretic transfer of information onto a floppy slave 
diskette, in accordance with the invention, occurs from 
a master medium consisting of a floppy diskette, not a 
hard disk as is taught in the prior art. More specifically, 
the object of the invention is achieved by means of 
apparatus comprising an electromagnetic device, 
shaped to define predominately a single closed-loop 
flux-conducting path, terminating, respectively, in a 
first planar pole tip that is axially aligned with a second 
movably mounted pole tip. An actuator, associated with 
the movable pole tip, serves for releasably mounting a 
master floppy diskette in intimate facing relationship 
with a slave floppy diskette in a contact-transfer zone 
between the two planar pole lips. Control circuitry 
serves for applying an alternating electrical signal to the 
electromagnetic device to develop an alternating mag- 
netic field in the closed-loop flux-conducting path that 
produces a corresponding alternating magnetic transfer 
field extending axially in the contact-transfer zone be- 
tween the planar pole tips. 

For recording infonnation on a double-sided flexible 
slave disk, the slave disk is clamped between a pair of 
flexible master disks, with each master disk being in 
intimate facing relationship with one of the pole tips. 

A master floppy diskette is composed of a magnetic 
recording surface applied to a conventional fioppy sub- 
strate, and is recorded by means of a standard floppy 
disk drive. Preferably, a master recording surface is 
coated with metal particles having an easy axis of mag- 
netization in the plane, of the master and a hard axis of 
magnetization orthogonal to the plane of the master. 
When mounted on apparatus in accordance with the 
invention, the direction of the transfer field lies orthog- 
onal to the recording surface in the direction of the hard 
axis. The slave diskette, on the other hand, comprises a 
magnetic coating (single or double sided) having an 
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easy axis of magnetization orthogonal to the plane of 
the slave, whereby the transfer field lies in the direction 
of the slave's easy axis. This configuration allows effec- 
tive duplication without excessive demagnetization of a 
master disk by the transfer field. For optimum transfer, 
the maximum amplitude of the transfer field is between 
1.75 times the coercivity of the master magnetic coat- 
ing, and the coercivity of the master magnetic coating 
divided by 1.75. 

TTiis advantage, as well as other advantages of the 
invention, will become more apparent in the detailed 
description of a preferred embodiment presented below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
figures, of which: 

FIG. 1 is an illustration of diskette duplication appa- 
ratus in accordance with the invention; and 

FIG. 2 is a cross-sectional view, taken along the lines 
2—2 of FIG. 1, showing a slave diskette sandwiched 
between a pair of opposing master diskettes. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring to FIG. I, diskette duplicating apparatus 
10, in accordance with the invention, includes an elec- 
tromagnetic device, denoted generally 11, comprising a 
high permeability U-shaped electromagnet 12 of soft 
magnetic material having a coil 14 wound on a back bar 
of the electromagnet. One leg 16 of the electromagnet 
12 terminates in a cylindrical! y shaped pole piece 18 
whose planar pole tip 20 has a diameter greater than 
cither the diameter of a master diskette to be duplicated 
or a corresponding slave diskette. A precision spindle 
24 is located along a central axis of the pole piece 18, the 
spindle having a diameter just sufficient to clear the 
hole in the center in either the slave or the master dis- 
kette. A second leg 26 of the U-shaped electromagnet 
12 contains an aperture 28 in which an elongated mag- 
netic member 30 is positioned for slidable movement 
relative to the pole piece 18. Attached td one end of the 
member 30 is a second cylindrical pole piece 32 whose 
planar pole tip 32a has the same diameter as the pole 
piece 18. The body of the pole piece 32 has an axial hole 
33, aligned with the precision spindle 24, which serves 
for accepting the spindle 24 when the member 30 is 
advance such that the pole pieces 18, 32 are immedi- 
ately adjacent each other. 

The electfomagnetic device 11, comprising the U- 
shaped electromagnet 12 and the opposing pair of cylin- 
drically shaped pole pieces 18 and 32 terminating, re- 
spectively, in the axially aligned planar pole tips 20 and 
32a. serves to provide predominately a single closed- 
loop flux-conducting path extending through the gap or 
space between the pole tips. This closed-loop flux-con- 
ductmg path functions to transfer a magnetomotive 
force, generated by the coil 14, across the gap between 
the pole tips 20. 32a. A portion of the magnetomotive 
force generated by the coil 14, however, is dropped 
across any reluctance present in magnetic structure 
defining the closed-loop path. Tlierefore. in order to 
transfer a maximum magnetic field to the gap between 
the pole tips 20, 32a. it is necessary that the reluctance 
of the flux-conducting path be minimal. To that end, the 
member 30 fits snugly but slidably in the aperture 28 to 
minimize the separation between the member 30 and the 
leg 26 of the U-shaped electromagnet 12. Also, the 
member 30 is sized so that its surfaces, for example 36, 



[1,258 

4 

38, which are in contact with opposing surfaces of the 
leg 26, and through which magnetic flux passes, are 
maximized. 

In order to duplicate information on a double-sided 

5 slave diskette, two master diskettes, composed of sub- 
strates 51, 47 coated with respective magnetic surfaces 
48, 50, are fastened, respectively, to the planar tips of 
the pole pieces 18, 32 by suitable means such as an adhe- 
sive or the like. The double-sided slave diskette is then 

to mounted onto the spindle 24 and the member 30 is ad- 
vanced in the direction of the arrow 34, in a manner to 
be described more fully below. The member 30 moves 
until the pole pieces 18, 32 clamp the slave diskette in a 
contact-transfer zone between the planar pole tips 

15 32a, in intimate contact between the magnetic surfaces 
48, 50 of the two master diskettes. 

The member 30 is advanced by supplying power at a 
terminal 40 of a Hnear actuator 44 which drives the 
member 30 by means of a coupling 46. For that purpose, 

20 an operator controlled switch 60 is depressed, thereby 
applying a DC voltage 61 through the make contact of 
the switch 60 to terminal 40 of the linear actuator 44. In 
response thereto, the linear actuator 44 advances the 
pole piece 32, via the coupling 46 and the member 30, in 

25 the direction of the arrow 34. The master diskettes, 
having substrates 51. 47 bonded by the aforementioned 
adhesive to the planar faces 20, 32a of the pole pieces 
18, 32, hold a slave diskette (not shown) in the contact- 
transfer zone in intimate contact therebetween when 

30 the member 30 is fully advanced. 

The DC voltage 61 is also applied through the switch 
60 to a delay 62 whose output drives a relay 64. The 
delay 62 serves to ensure that the actuator 44 has com- 
pleted its travel before the relay 64 is activated. 

35 The voltage 61 is also applied through the switch 60 
to a dual-input motorized auto transformer assembly 66 
comprising an auto transformer (not shown), which is 
energized by a 60-Hz voltage source applied to a con- 
trol line 67, and a bi-directional DC motor (also not 

40 shown), which serves to drive a rotor of the auto trans- 
former. When the DC voltage 61 is applied to a first DC 
input 63. the bi-directional motor drives the auto trans- 
former so that an AC voltage at an output 68 of the 
assembly 66 decreases. When the voltage 61 is applied 

45 to a second DC input 70, however, the DC motor ro- 
utes in the opposite direction whereby the AC voltage 
at the output 68 is caused to increase. 

The motorized auto transformer assembly 66 is pro- 
vided with internal limit switches which stop the motor 

SO rotation when the auto transformer is driven to either 
end of its range. The AC voltage at the output 68 is 
transferred through the make contact 72 of the relay 64 
and also through a serially connected contact 60^, 
which is closed as long as the switch 60 is depressed, as 

53 shown diagrammatically. The AC output voltage of the 
auto transformer assembly 66 is thereby applied to the 
coil 14 of the electromagnet 12 which consequently 
generates a magnetic transfer field in the contact-trans- 
fer zone between the tips 20. 32a of the pole pieces 18, 

60 32. 

It will be recalled that the DC voltage applied at 
input 63 causes the output voltage of the auto trans- 
former assembly 66 to decrease. In doing so, the voltage 
falls linearly from a maximum value to zero volts as the 
65 DC motor of the assembly 66 oonUnuously drives the 
auto transformer from the high end of its range to the 
low end. Thus, the magnetic transfer field generated by 
the electromagnet device 11 also linearly falls from a 
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maximum field to a zero field, resulting in the duplica- 
tion of information on the two master diskettes on the 
respective surfaces of the double-sided slave diskette. 

After the output of the assembly 66 has dropped to 
zero volts, the operator releases the switch 60, which 5 
breaks the current path to the coil 14 and simulta- 
neously dc-encrgizes the linear actuator 44. The linear 
actuator has an internal spring return (not shown), 
which withdraws the member 30 to separate the pole 
pieces 18, 32 from each other. The operator then re- 10 
moves the slave diskette from the spindle 24. and re- 
loads a new diskette for the next operating cycle. When 
the switch 60 is released, the DC volugc 61 is applied to 
the second input 70 of the motorized auto transformer 
assembly 66. which drives the motor so that the auto 15 
transformer is returned to its maximum output voltage 
68 position. Since the contact 60a is now open, no cur- 
rent can flow to the coil 14 during this part of the cycle. 
Accordingly, there is no danger of applying an un- 
wanted magnetic field to the slave diskette prior to its 20 
removal from the spindle 24. 

FIG. 2 shows the electromagnetic device 11 in its 
disk-clamping position. As shown, the two master dis- 
kettes having substrates 51. 47 are bonded to the pole 
pieces 18. 32 by use of an adhesive 53, and a slave dis- 25 
keite having a substrate 52 is mounted on the spindle 24. 
The surfaces 48, 50 of the two masters, which are pref* 
crably composed of metal panicles having their respec- 
tive easy axes, denoted 49, in the planes of the surfaces 
48. 50 and their hard axes onhogonal thereto, arc in 30 
intimate contact with the magnetic surfaces 54, 58 of the 
slave disk 52. The surfaces 54, 58 preferably contain 
magnetic particles whose respective easy axes 55 are 
orthogonal to the surfaces 54, 58. For example, BaFc 
platelets are particles which can have their easy axis so 35 
oriented. A decreasing amplitude AC magnetic transfer 
field, emanating from the pole tips 18. 32, passes 
through the magnetic surfaces 48. 54. 58, 50. thereby 
effecting a transfer of the information recorded on the 
surfaces 48, 50 to the surfaces 54, 58, in a manner known 40 
in the art. 

The apparatus 10 is designed for rapid loading and 
unloading of a slave diskette, leading to low-cost, high- 
volume duplication. To those ends, it will be appreci- 
ated that the adhesive 53, used to bond the master dis- 45 
kettes to the pole pieces 18, 32. is of a non-permanent 
character allowing for rapid replacement of the master 
diskettes as required. Furthermore, the two master disks 
and the slave disk are composed preferably of standard 
floppy substrates of polyethylene tercphthalate (PET). 50 
The use of a PET substrate allows the master disks to be 
recorded by means of conventional floppy disk record- 
ers: no special recording apparatus is required farther 
reducing duplication costs. 

Even though a substrate of a conventional floppy disk 55 
has a thickness on the order of only seventy-six microns, 
cross talk through the slave substrate 52, between the 
recording of the master surface 48 to the slave surface 
58 and the master surface 50 to the slave surface 54, is 



on the order of 380 bits per millimeter. A 76-micron 
wavelength, on the other hand, corresponds to a bit 
density of only 25 bits per millimeter. In other words, 
the shorter wavelength signals used in a typical disk 
recording will be attenuated much more than will a 
76-micron wavelength signal. Therefore, cross talk to 
the opposite sides of the slave disks from the masters 
may be ignored. This allows two-sided duplication onto 
a floppy slave from two masters in a single transfer 
cycle. 

The invention has been described in detail with par- 
ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modifications 
can be effected within the spirit and the scope of the 
invention. For example, it will.be clear to those skilled 
in the art that the invention is equally applicable to the 
duplication of information on a single-sided slave dis- 
kette. For that purpose, a single-sided slave diskette is 
clamped in a contact-transfer zone defined on one side 
by one of the pole pieces 18 or 32 and on the opposite 
side by the recording surface of a roaster diskette to be 
duplicated. 

What is claimed is: 

1. Apparatus for recording information on a flexible 
magnetic slave disk by contact transfer of information 
recorded on a flexible magnetic master disk, said appa- 
ratus comprising: 

a) an electromagnetic device terminating, respec- 
tively, at opposing ends in a first planar pole tip 
axially aligned with a second planar pole tip, and 
shaped to deflne predominately a single closed- 
loop flux<onducting path extending through a 
contact-transfer zone between said planar pole tips; 

b) means, associated with said flrst and second planar 
pole tips, for releasably mounting the slave disk in 
intimate facing relationship with the master disk in 
the contact-transfer zone between said planar pole 
tips; 

c) means for applying an alternating electrical control 
signal to said electromagnetic device to develop an 
alternating magnetic Held in the closed-loop flux- 
conducting path that produces a corresponding 
alternating magnetic transfer field having a magni- 
tude of between 1.75 and 1/1.75 times the coerciv- 
ity of the master disk, said transfer field extending 
axially in the contact-transfer zone between said 
planar pole tips, to effect a pattern of magnetization 
on the slave, disk thai corresponds to the pattern of 
information recorded on the master disk; and 

d) the master disk and the slave disk further charac- 
terized wherein the master disk has an easy axis of 
magnetization in the plane of the master disk and a 
hard axis of magnetization orthogonal to the plane 
of the master disk and the slave disk has an easy 
axis of magnetization orthogonal to the plane of the 
slave disk. 

2. Apparatus as deflned in claim 1 wherein informa- 
tion recorded on the master disk is represented predom- 



negligible. This is because the signal amplitudes from 60 inately by magnetization componcnu oriented longitu- 



the surfaces 48, 50 fall off in accordance with the well 
known spacing loss expression 55dA(db), where d is 
the distance from the recorded surface and X is the 
recorded signal wavelength. For example, the ampli- 
tude of a signal having a wavelength of seventy-six 65 
microns, recorded at the master surface 50, is attenuated 
by 55db when duplicated at the surface 54 of the slave 
diskette. The bit density on a typical high density disk is 



dinally substantially parallel with the plane of the mas- 
ter disk, whereby an alternating magnetic transfer Held 
extending axially between said pole tips effects a panem 
of vertical magnetization on the slave disk that corre- 
sponds to the pattern of longitudinal magnetization on 
the master disk. 

3. Apparatiis for recording information on a flexible 
magnetic slave disk by contact transfer of information 
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recorded on a flexible magnetic master disk, said appa- 
ratus comprising: 

a) an electromagnetic device terminating, respec- 
tively, at opposing ends in a ftr^t planar pole tip 
axially aligned with a second movably mounted S 
planar pole tip, and shaped to define predominately 

a single closed-loop flux-conducting path extend* 
ing through a contact-transfer zone between said 
planar tips; 

b) actuator means, operably associated with said sec- 10 
ond planar pole tip, for relcasably mounting the 
two flexible disks in the contact-transfer zone in 
intimate facing relationship with, respectively, said 
flrst and second planar pole tips; 

c) means for applying an alternating electrical signal IS 
to said electromagnetic device to develop an alter- 
nating magnetic field in the closed -loop flux-con- 
ducting path that produces a corresponding alter- 
nating magnetic transfer field extending axially in 
the contact-transfer zone between said planar pole 20 
tips, to effect a pattern of magnetization on the 
slave disk that corresponds to the pattern of infor- 
mation recorded on the master disk; and 

d) means for interlocking said actuator means with 
said means for applying an alternating electrical 25 
signal, whereby said means for applying an alter- 
nating electrical signal cannot be energized while 
said actuator means is being actuated. 

4. Apparatus as deflned in claim 3 wherein the surface 
area of each of said planar pole tips is comparable to the 30 
surface area of each of the flexible disks. 

5. Apparatus as defmed in claim 4 wherein each of 
said planar pole tips is circular, with a circumference 
that is greater than the circumference of each of the 
flexible disks. 3S 

6. Apparatus as deflned in claim 3 wherein the master 
disk and the slave disk are mounted in intimate facing 
relationship with each other. 

7. Apparatus as deflned in claim 3 wherein: 

a) said electromagnetic device includes an aperture 40 
having an elongated magnetic member slidably 
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located therein, said second planar pole tip being 
attached to a flrst end of said elongated member; 
and 

b) said actuator means includes an electrically driven 
actuator, coupled to a second opposing end of said 
elongated member, for slidably moving said second 
planar pole tip axially with respect to said flrst 
planar pole tip. 
8. Apparatus for recording information simulta- 
neously on opposing surfaces of a double-sided flexible 
magnetic slave disk by contact transfer of information 
recorded on a pair of flexible magnetic master disks, 
said apparatus comprising: 

a) an electromagnetic device terminating, respec- 
tively, at opposing ends in a flrst planar pole tip 
axially aligned with a second movably mounted 
planar pole tip, and shaped to deflne predominately 
a single closed-loop flux-conducting path extend- 
ing through a contact-transfer zone between said 
planar pole tips; 

b) actuator means, operably associated with said sec- 
ond planar pole tip, for mounting the opposing 
surfaces of the double-sided slave disk in intimate 
facing relationship with, respectively, the two mas- 
ter disk in the contact-transfer zone between said 
planar pole tips; 

c) means for applying an alternating electrical control 
signal to said electromagnetic device to develop an 
alternating magnetic fleld in the closed-loop flux- 
conducting path that produces a corresponding 
alternating magnetic transfer fleld extending axi- 
ally in the contact-transfer zone between said pla- 
nar pole tips, to effect a pattern of magnetization on 
each opposing surface of the double-sided slave 
disk that corresponds to the pattern of information 
recorded, respectively, on each master disk; and 

d) said slave disk further having a substrate of suffl- 
cient thickness to prevent crosstalk from said mas- 
ter disks through said slave disk substrate. 

« • • » « 
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(57) ABSTRACT 

Servo-pattern information is magnetically recorded on a 
product disc by magnetic print-through from a master 
medium. The master servo-writing medium is brought into 
close proximity with the product "slave" disc, and the two 
are subjected to an external magnetic field which assists in 
transferring magnetic servo-patterns to the slave disc in a 
print-through process. The preferred external magnetic field 
alternates and rotates with respect to the master/slave com- 
bination. In an altemative product disc strucnxre, the mag- 
netic layer is magnetically altered in a servo-pattern con- 
figuration. Non-magnetic portions of the servo pattern are 
created which define both gray code and servo burst infor- 
mation for the product disc. 

20 Claims, H Drawing Sheets 
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QUICKLY WRrrXEN SERVO-PATTERNS 
FOR MAGNETIC MEDIA INCLUDING 
WRITING A SERVO-MASTER PATTERN 

CROSS-REFERENCE TO RELATED 
APPUCAnON(S) 

This application is a divisional of application Ser. No. 
08y757,908 filed Nov. 27, 1996, which issued as U.S. Pat. 
No. 5,991,104 on Nov. 23, 1999. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to magnetic media 
for recording information, and, more particularly, to disc 
drives with magnetic head assemblies which record infor- 
mation in tracks on thin Mm discs. 

The computer industry continually seeks to reduce size of 
computer components and to increase the speed at which 
computer components operate. To this end, it is desired to 
reduce the size required to magnetically record bits of 
information. It is concomitantly important to maintain the 
integrity of the information as size is decreased, and mag- 
netic storage of information must be virtually 100% error 
free. Moreover, the methods used to reduce size, increase 
speed and maintain information integrity in computer com- 
ponents must be very reproducible in a manufacturing 
setting and must not be overly costly. The present invention 
seeks to address these goals in a disc drive. 

Disc drives which magnetically record, store and retrieve 
information on disc-shaped media are widely used in the 
computer industry. A write transducer is used to record 
information on the disc, and a read transducer is used to 
retrieve information from the disc. The reading and writing 
processes may be performed by a single structure, i.e., a 
read-write transducer, or alternatively may be performed by 
separate structures. In either case, the read transducer and 
the write transducer are generally both located on a single 
magnetic head assembly. The magnetic head assembly may 
include an air bearing slider which suspends the magnetic 
head assembly relative to the rotating disc by "flying" off air 
on the disc surface. 

The magnetic head assembly is mounted on the end of a 
support or actuator arm, which positions the head radially on 
the disc surface. If the actuator arm is held stationary, the 
magnetic head assembly will pass over a circular path on the 
disc known as a track, and information can be read from or 
written to that track. Each concentric track has a unique 
radius, and reading and writing information from or to a 
specific track requires the magnetic head to be located above 
the track. By moving the actuator arm, the magnetic bead 
assembly is moved radially on the disc surface between 
tradfs. 

The disc drive mtjst be able to differentiate between tracks 
on the disc and to center the magnetic head over any 
particular track. Most disc drives use embedded "servo 
patterns" of magnetically recorded information on the disc. 
The servo patterns are read by the magnetic head assembly 
to inform the disc drive of track location. Tracks typically 
include both data sectors and servo patterns. Each data 
sector conuins a header followed by a data section. The 
header may inchide synchronization information to synchro- 
nize various timers in the disc drive to the speed of disc 
rotation, while the data section is used for recording data. 

Each servo pattern typically includes a "gray code" and a 
"servo burst**. Tbe gray code indexes the radial position of 
the track such as through a track number, and may also 
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provide a circumferential index such as a sector number. The 
servo burst is a centering pattern to precisely position the 
head over the center of the track. Each servo burst includes 
magnetic transitions on the inside of the track interleaved 

5 with magnetic transitions on the outside of the track. If the 
magnetic head is centered over the track, the signal read 
from tbe inside transitions will be equal and opposite to the 
signal read from the outside transitions. If the magnetic head 
is toward the inside of the track, the signal from the inside 
transitions will predominate, and vice versa. By comparing 
portions of the servo burst signal, the disc drive can itera- 
tively adjust the head location until a zeroed position error 
signal is returned from the servo bursts indicating that the 
head is properly centered with reject to the track. 

j5 Servo patterns are usually written on the disc during 
manufacture of the disc drive, after the drive is assembled 
and operational. The servo pattern information, and particu- 
larly the track spacing and centering information, needs to 
be located very precisely on the disc. However, at the time 

20 the servo patterns are written, there are no reference loca- 
tions on the disc surface which can be perceived by the disc 
drive. Accordingly, a highly specialized device known as a 
"servo-writer" is used during writing of the servo-patterns. 
Largely because of the locational precision needed, servo- 

25 writers are fairly expensive, and servo- writing is a time 
consuming process. 

Most servo-writers operate using the disc drive's own 
magnetic head. The servo-writer takes precise positional 
references to properly position the heads in the disc drive for 

30 the writing of the servo patterns, and to properly space the 
tracks with respect to one another on the disc surface. For 
instance, the servo writer may have a physical position 
sensor which takes a positional reference from the axis of the 
drive spindle, and may have an optical position sensor which 

35 determines the location of the magnetic heads with respect 
to the axis of the drive spindle. With precise positioning of 
the magnetic head known, the magnetic bead of the disc 
drive is used to write the servo pattern on tbe disc. The servo 
writer may also include a magnetic head which writes a 

40 clodc track at an outer radius of the disc. Once written, servo 
patterns serve as the positional references on the disc surface 
used by the disc drive during the entire Ufe of the disc drive. 
The servo patterns are used to properly center the head over 
the desired track prior to reading or writing any data 

45 information from or to that track. 

One approach to avoid traditional servo-writing has been 
to injection mold or stamp servo patterns on a plastic 
substrate disc. Tbe magnetic material layer is then applied at 
a consistent thickness over tbe entire disc surface, including 

50 the depressions and protrusions in the servo patterns. After 
the disc is mechanically fabricated (i.e., after all the layers 
are applied), a magnetic bias is recorded on the servo 
patterns. For instance, a first magnetic field may magneti- 
cally initialize the entire disc at a one setting. Then a second 

55 magnetic field, localized at the surface of the disc and 
perhaps provided by the magnetic head of the drive, is used 
to magnetize the protruding portions of the servo patterns 
relative to the depressions. Because the protrusions are 
closer than tbe depressions to the magnetic initialization, the 

60 magnetization carried by the protrusions may be different 
than the magnetization carried by the depressions. When 
read, the resulting disc servo patterns show magnetic tran- 
sitions between the depressions and the protrusions. This 
approach, referred to as a PERM disc, is being pursued by 

65 the Sony Corp. 

While servo patterns in PERM discs do not require much 
of the specialized servo-writing equipment otherwise 
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necessary, other problems have arisen. The depressions in FIG. 10 shows a magnetization curve for the master 

the disc surface have a detrimental effect on the flyability of medium superimposed with a magnetization curve for the 

the air bearing slider. Additionally, in traditional servo- slave medium during alignment between the maximum 

patterns, the magnitude of the position error signal from the electromagnet field and the demagnetizing field of the 

servo pattern is based on transitions from magnetism in one s master medium. 

direction to magnetism in the opposite direction. Because FIG. 11 shows an alternative embodiment of the electro- 

the depressions in the PERM servo patterns make no sig- magnet of FIG. 5. 

nificant contribution to the output signal, the resultant posi- piG. 12 is a greaUy enlarged top plan view of the 

tion error signal of the servo patterns is half that of a magnetic medium of an alternative embodiment of the 

traditional servo pattern. In practice, perhaps due to imper- lo present invention, schematicaUy showing magnetic flux. 

feet saturadon of the magnetic mediuni m the depressions. ^3 ^ ^^^^ ,^ ^-^^ 

the resultant position error signal of PERM servo patterns ^ ^^-^^ ^^^^^^^ alternative embodiment of the 

has an even lower signal to noise rauo. typicaUy around ^^^^ invention. schematicaUy showing magnetic flux. 

one-third that of the traditional servo signal. Other methods ... c - . 

to reduce the cost of servo-writing without the drawbacks of is f " f'*'"" »h« ■"»g°«:"= 

the PERM disc are desired. ?f ^IJ? °^ ^ °' »'°°8 ""^ 

14 — 14. 

BRIEF SUMMARY OF THE INVENTION FIG. 15 is a cross-sectional view of the magnetic medium 

The present invention is a method and structure to create ^^^^^^ of FIGS. 12 or 13, alternative lo FIG, 14. 

servo-patterns on magnetic discs without the use of servow- 20 While the above-identified drawing figures set forth pre- 

riters. In one embodiment, a master servo-writing medium is ferred embodiments, other embodiments of the present 

brought into close proximity with the product "slave" disc, invention are also contemplated, some of which are noted in 

and the two are subjected to an external magnetic field which the discussion. In all cases, this disclosure presents illus- 

assists in transferring magnetic servo-pal teras lo the slave trated embodiments of the present invention by way of 

disc in a print-through process. The preferred external 25 representation and not limitation. Numerous other modifi- 

magnetic field alternates and rotates with respect to the cations and embodiments can be devised by those skilled in 

master/slave combination. With a demagnetized product/ the art which fall within the scope and spirit of the principles 

slave disc, an assist field strength which is of a magnitude of this invention. 

greater than the coercivily of the slave disc but lower than DETAILED DESCRIPTION OF THE 

the coercivity of the master media can be used to transfer a 30 PREFERRED EMBODIMENTS 

magnetic servo-pattern onto the slave disc. In a different . . ^. 

embodiment, any of several methods can be used to mag- ^I^S. 1 and 2 represent a disc dnve structure 10. Di^ 

netically alter the magnetic layer in a servo-pattern configu- drive assembly 10 mcludes disc pa^ 12 and E-blodc 

ration. For instance, portions of the magnetic layer may be ^"^^ly 14. Disc pack 12 includes discs 16 slacked on 

photolithographically removed to leave only the signal gen- 35 drive spindle 18. Durmg use of the disc dnve 10 dnve 

eratingportionsoftheservo-palterns.Altemative to removal ^pi^^le 18 rotates discs 16 about axis 20. Polar coordinates 

of portions of the magnetic layer, those portions may have 21 are estabhshed based on the geometry of disc 16, with the 

their crystal slnicuire altered to render them non-magnetic, perpendicular distance from axis 20 lo any location on disc 

thus similarly leaving only the signal generating portions of 1^ ^^^^ ^ ^^^ius r, the circumferential dimension bemg 6. 

the servo-patterns intact. 40 the axial dimension bemg z. 

E-block assembly 14 includes servo spindle 22 and a 

BRIEF DESCRIPTION OF THE DRAWINGS pluraHty of actuator arms 24. Each actuator arm 24 can-ies 

FIG. 1 is a top plan view of a computer disc drive. one or two flexure arms or suspension arms 26. Each 

HG. 2 is a side view of the computer disc drive of FIG. suspension arm 26 supports an air bearing magnetic head 

2 45 assembly 28 adjacent a surface of a disc 16. As disc 16 

' • .1 1 J .-1 rotates about drive spindle 18 at a high speed (such as 10 m/s 

FIG. 3 IS a greatly enlarged, cross-sectional perspective . • 1. x 1 . u / ui io .u 

c f.i_ ni .-J- cT-ir- 1 or higher) relative lo magnetic head assembly 28, the 

view of a portion of the thm film magnetic disc of FIG. 1, ? • c ^ i_ j ut 10 

schematicdlv showinc maeneiic flux aerodynamic properties of magnetic head assembly 28 cause 

,^ , ' . r assembly 28 lo "fly" above the surface of disc 16. The flying 

RG. 4 is a greatly enlarged lop plan view of a servo j^^-^^ ^ ^^^^ assembly 28 above disc 16 is a 

pattern portion of the thm film magnetic disc of HG. 1. functionof the speed of rotation of disc 16. the aerodynamic 

schematically showing magnetic flux. ^^^^^ m^^^^\z head assembly 28. and the 

no. 4fl is a greatly enlarged lop plan view of an alter- spring tension in suspension arm 26. 

native servo pattern portion of the thin film magnetic disc. ^^^^^ assembly 14 is pivotable about pivot axis 30. As 

FIG. 5 is a perspecUve schematic view of a slave disc E-block assembly 14 pivots, each magnetic head assembly 

being demagnetized in a magnetic field. 28 mounted at the tip of its suspension arm 26 swings 

FIG. 6 is a graph of current versus time for the electro- through arc 32. As each disc 16 rotates beneath its respective 

magnet of FIG. 5 during the magnetic print-through process. magnetic head assembly 28. this pivoting motion allows the 

no. 7 is a perspective view of a slave disc and master magnetic head assembly 28 lo change track positions on its 

disc in alignment on a spindle for placement in the magnetic disc 16. Each disc 16 has a landing zone 34 where the 

assist field of FIG. 5. magnetic bead assembly 28 lands, rests while the disc drive 

RG. 8 is a greatly enlarged, cross-sectional view of a 10 is off, and takes off from when the disc drive 10 is started 

portion of the slave disc and master disc of FIG. 7 during up. Each disc 16 has a data zone 36 where the magnetic head 

print through, schematically showing magnetic flux. assembly 28 flies over the disc 16 and magnetically stores 

FIG. 9 is a graph of the circumferential component of the 65 data, 

write field versus time during the magnetic print-through To record information on the disc 16, the write transducer 

process. on magnetic head assembly 28 creates a highly concentrated 
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magnetic field. During wriling, the strength of the concen- carries no magnetic charge. After deposition of magnetic 

trated magnetic field directly under the write transducer is layer 44, information is magnetically written on magnetic 

greater than the cocrcivity of the recording medium (known layer 44 as represented by + and - ma^etization signs SO, 

as "saturating" the medium), and grains of the recording 52. In RG. 3, multiple + and - magnetization signs 50, 52 

medium at that location are magnetized with a direction 5 and multiple magnetic flux arrows 54 are shown to indicate 

which matches the direc^ioD of the applied magnetic field. the direction of aligned magnetic domains and to indicate 

The grains of the recording medium retain their magnetiza- that numerous aligned domains contribute to each magnetic 

tion after the samrating magnetic field is removed. As the transition. The wriling of the magnetic information occurs 

disc 16 rotates, the direction of the writing magnetic field is after disc 16 is fully fabricated including deposition of 

alternated based on bits of the information being stored, overcoat 46 and lubricant 48. The magnetization is believed 

thereby recording a magnetic pattern on the track directly to be made up of numerous aligned magnetic domains in the 

under the write transducer. strucmre of magnetic layer 44. Data is then read from 

A magnetic medium 38 for disc 16 is illustrated in more magnetic medium 38 by sensing the alternating direction of 
detail in FIG. 3. Magnetic mediimi 38 has a substrate 40 and magnetization, that is, transition locations where the direc- 
an underlayer 42 deposited over the substrate 40. Substrate tion of aligned magnetic domains reverses. 
40 is preferably a nickel-phosphorous plated aluminiun disc. pj^ 4 schematically shows an areal portion of servo- 
Substrate 40 is relatively thick, such as about 0.1 inches, and pattern information 56 magnetically recorded on disc 16. 
provides the structural integrity for magnetic medium 38. Magnetization signs 50, 52 indicate the direction of mag- 
Other materials, such as glass or manganese-oxide, may also nelization from the aligned magnetic domains. In FIG. 4, 
be suitable for substrate 40. transition boundaries 57 between areas of opposite magnetic 

Underlayer 42 is formed of a non-magnetic material, such domain alignment are shown in solid lines. The boundaries 

as chromium or nickel-aluminum. Underlayer 44 is prefer- 61 of each track 58 are shown in small dashed lines, and a 

ably 200 to 500 Angstroms thick. Underlayer 42 sets up a center line 59 of each track 58 is shown in larger dashed 

seeding crystallographic structure for proper crystal devel- lines. The boundaries 61 of each track 58 and the center lines 

opment in magnetic layer 44. Underlayer 42 may be applied 59 are not recognizable by any physical properties of the 

over substrate 40 by sputtering, and various sputter chamber magnetic medium 38, but are shown for conceptual purposes 

parametersmay contribute to the effectiveness of underlayer only. During use of the disc drive 10, the magnetic head 

42. Other materials such as Mo, W, Ti, NiP, CrV and Cr assembly 28 is intended to be centered over a track 58 so the 

alloyed with other substitutional elements have also been magnetic head assembly will accurately write information to 

tried for underiayers, and workers skilled in the art will and read information from that track 58. In contrast to track 

appreciate that any one of these types of underiayers may be boundaries 61 and center lines 59, each transition boundary 

found equivalently beneficial in applying the process of the 57 is magnetically sensed by the magnetic head assembly 28 

present invention. when it passes over the transition boundary 57. 

Magnetic layer 44 of a magnetic material is applied over Iq the servo-patterns 56, substantially all of the magnetic 

underlayer 42. Magnetic layer 44 is preferably formed of a domains in magnetic medium 38 arc aligned in one direction 

cobalt-based alloy, such as a cobalt-chromium-tantalum qj- the other. While transition boundaries 57 are shown in 

alloy. The preferred cobalt -based magnetic layer 44 has a piG. 4 as sharply defined areas, the true magnetic pattern 

hexagonal close pack (HCP) crystal structure. Workers may not have sharp transitions between opposite directions 

skilled in the art will appreciate that other types of magnetic of magnetization. The sharpness of the transition boundaries 

layers may be equivalently used in practicing the present on a recording medium is one of the basic parameters in 

invention. determining the density of the information which can be 

Magnetic layer 44 is preferably 100 to 300 Angstroms stored on the recording medium, 

thick. Magnetic layer 44 may be applied over underlayer 42 Servo pattern information 56 is magnetically written on 

by sputtering, and various sputter chamber parameters may magnetic medium 38 during manufacture of the disc drive 

contribute to the effectiveness of magnetic layer 18. 45 10. Each servo pattern includes gray code information 60 

To enhance the durability of the disc 16, overcoat 46 is and a servo burst 62. Gray code information 60 contains 

deposited over magnetic layer 44. Overcoat 46 helps reduce indexing information to index each track 58 of the disc 16. 

wear of magnetic media 36 due to contact with the magnetic Each servo burst 62 includes a plurality of inside transitions 

read- write head assembly 28, Overcoat 46 also aids in 64. Each servo burst 62 also includes a plurafity of outside 

corrosion resistance for the magnetic media 38. Overcoat 46 50 transitions 66. Inside transitions 64 and outside transitions 

preferably is a layer of sputtered amorphous carbon. Other 66 are precisely located on the disc 16 in the radial direction 

materials which may be suitable for overcoat 46 include to define the centerline 59 of each track 58, and to maintain 

sputtered ceramic zirconium oxide and amorphous films of very consistent spacing between tracks 58. 

silicon dioxide. Overcoat 46 can be about 100 to 150 During use of the disc drive 10, inside transitions 64 and 

Angstroms thick, with a preferred thickness of about 120 55 outside transitions 66 are used to center the magnetic head 

Angstroms. Any of the substrate 40, the underlayer 42 or the 28 over a track 58. The signal read from servo bursts 62 

overcoat 46 may be textured as desired for beneficially depends on the radial position of the magnetic head 28 with 

affecting the tribology of the particular disc drive system 10. respect to the centerline 59 of a track 58. If the magnetic 

A lubricant layer 48 overlies overcoat 46. Lubricant layer head 28 is centered over the track 58, the signal read from 

48 also reduces wear and corrosion of the magnetic media 60 the inside transitions 64 will be equal to the signal read from 

38. The lubricant 48 is preferably a perfluoropolyether-based the outside transitions 66. If the magnetic head 28 is toward 

(PFPE) lubricant having a thickness of 10 to 20 Angstroms. the inside of the track 58, the signal from the inside 

Overcoat 46 and lubricant 48, while not performing a transitions 64 will be stronger than the signal from the 

magnetic function, greatly affect the tribology and wear and outside transitions 66. If the magnetic head 28 is toward the 

corrosion resistance in the disc drive system 10. 65 outside of the track 58, the signal from the outside transi- 

Magnetic layer 44, as originally deposited, is homoge- tions 66 will be stronger. By comparing portions of the servo 

neous in both the radial and circumferential directions, and burst 62 signal, the disc drive 10 can iteratively adjust the 
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head 28 location untfl a zeroed position error signal is master medium 70. The master disc 70 can use a wide choice 

returned £rom the servo bursts 62, indicating that the head 28 of substrate materials, including nickel-pbospbored 

is properly centered with respect to the track 58. aluminum, silicon or plastic. The master medium 70 should 

TraditionaUy, the servo patterns 56 are vsrrittcn on the ^^^^^ * ^'^^ P^^^ 'i^^t^f °^ J?"f "^"^"^'^^ 
magnetic medium 38 during manufacture with a servo 5 thickness B^. For mstance a B^^l.O Tes a-/«n tnay be 

^rjr,, u/^t;«« «f tk* «,,««rt;^ < necessary to produce the preferred wnte fields. Preferably 

wntcr. Wntmg of the magncUc signals requires two pre- ^^^^ disc 70 has a B t^ri 8 Teslazrin 

ciscly positioned passes of the magnetic head 28 over each — . . j- 

trade 58: one for the inside transiUons 64 and one for the , 7^^ P?"*™ °° ""f "'^ " .''f* "° ^ 

, .J , r£ rj, *• u J-*©. • II fabncated by one-of-a-kmd master wnter mtended only for 

outeide transitions 66. Tlic magnetic head 2^ ^^^^^ one^f-a-kind master 

a sipal which ^around one track-width wide, co^^^^^^ 10 ^^^^^^^^^ ^ ^^^^^ 

wider than cither the inside transiUons 64 or the outside ^^^^^ gj^t^^^ ^h^ 3^^^ ^t^^ 

transitions 66. The only way the seivo bursts 62 can be should also be able to provide a very high write field 

wntten with such a head 28 is by erasing on each pass part gradient, by the head flying very low and having a very small 

of what was written in the previous pass. The track-centered gap and a low throat height, and by the head having a high 
gray code infonnation 60 is written by matching the mag- 15 moment material. In this way, a very high intensity servo 

netization direction during consecutive passes of the mag- master pattern is written onto the master disc 70 with 

netic head 28. This process of matching the magnetization of essentially conventional recording techniques. The preferred 

a previous pass to create a recorded magnetic transition master disc 70 has a minimum transition spacing b of 

which is wider than the width of the recording head is approximately b«40 /dn (1000 Angstroms), 
referred to as "stitching". ^0 ^ter writing of the master disc 70, the magnetic prox- 

nc. 4a shows an alternative configuration for servo ^^^V printing by the master disc 70 on a product "slave" 

bursts 62. This configuration is quite similar to the configu- 1* ^ preferably achieved as foUows, First, the slave disc 

ration of FIG. 4, but the inside transitions 64 are reversed 16 is demagnetized usmg eqiuptnent as schematic^ 

with the outside transitions 66 in every other track 58a. 58c, '^/^"^^ °° ^ ^P^^^^ which 

58e. -mis servo burst configuration of FIG. 4a produces the ^^^f ^^^^ ^^J^ a 'ft^'^TT^ 

• J . .1. L J • . . 1 m a large, powerful magnetic field 84 produced by electro- 

strongest pos.ton error signal when the head is at a Uack magnet 76 Electroma^et 76 includes a large magnetic yoke 

boundary 61. The position error signal decreases monotoni- ,^ gg-^y^,, ^ magnetized >^th a mag- 

cally as the head 28 approaches the center hne 59. and ^^^^^^ conductor 82. The pole pieces 80 

becomes zeroed out when the head 28 is centered over the ^nd the yoke 78 of electromagnet 76 are made of a material 

center hne 59. Writing ofthemagneucsignakshownin FIG. ^j,,, ^ magnetic permeability, high saturation 

4a still requires two precisely posiUoned passes of the njagnctizalion, low remanance and low coercivity. For 

magnetic head 28 over each track 58; one for the ms^e ^ ^^^^^ j^^^ 80 jg ^^^^y 

transitions 64 and one for the outside transitions 66. The ^e made of permaUoy. mu-metal. or similar materials. Elec- 

servo buret configuration of HG 4a may be preferable to the f^^^^i 75 js oriented with respect to disc 16 such that the 

servo buret configuration of F G 4 due to the resultant ^ ^^ ^ j„ ^ 

position error signal. Workere skdled m the art will appre- ^ ^^^^^ ^^^^j^^ ^j^^^j^ ^^^^j ^^^^ 

ciate that either configuration of HG. 4 or FIG. 4a may work ^^^^^^ ^ ^ modulated as necessary for the desirS 

^* timewise adjustment of electromagnet field 84. FIG. 6 
The present invention relates to a belter method of writing ^ represents the preferred current through conductor 82 as a 

the servo pattern information, both less expensive and faster. function of time, and thus the magnimde of the preferred 

In a first embodiment of the present invention, the servo magnetic field 84 produced by electromagnet 76 as a func- 

pattems are written from a master disc 70 (shown in RGS. ^^0^ During demagnetization 86, the current i and 

7 and 8) to a product "slave" disc 16 by magnetic proximity electromagnet field 84 start at a very high value. The 

printing, or magnetic print-through. One master disc 70 is i^itiaUy high magnitude of the electromagnet field 84 

used to print consecutively onto a very large number of sho^jj higher than the coercivity of the slave medium 38 

product discs 16. The master disc 70 has a servo master The direction of the current and electromagnet field 84 

pattern wntten thereon, and the magnetic field from the ^ alternated at a frequency which is high compared to the 

servo master pattern is used to magnetized the uansitions of frequency of rotation of the slave disc 16. The ampUtude of 

the servo pattem on each of the product slave discs 16. As current and electromagnet field 84 is gradually reduced 

shown in FIG. 8, the preferred master disc 70 includes a ^ ^ero 

magnetic layer 92 on top of an underlayer 94 and a substrate TOs' demagnetization process 86 renders the magnetic 



96. 



domains of the slave medium 38 in a relatively uniform 



E^r print-through or magnetic proximity printing to be non-aligned magnetization state so the magnetic domains 
effective, the coercivity of the master disc 70 (H^^ should 55 can be commonly magnetized with a servo writing field of 

be higher than the coercivity of the "slave" medium 38 (H„). lesser strength than if demagnetization 86 had not been 

Preferably the master disc coercivity is 1.2 to 1.5 limes as performed. For instance, disc drives 10 normally have a 

great as the slave disc coercivity, such as 13^00 write field, H^, which is about 3 times the coercivity of the 

Oersteds and H„o2,500 Oersteds. A high coercivity on the medium 38 so that the write field will reliably overwrite or 

slave medium 38 is desired because high coercivity leads to erase old data. The write field is localized in the magnetic 

sharper transitions and higher attainable storage densities in medium 38 of the product disc 16 dir^tly adjacent the 

the resulting disc drive 10. The even higher cocrdvity of the magnetic head 28. To write a servo pattern into an ideally 

master medium 70 is necessary for the print-through process demagnetized slave medium 38, a localized write field 

to be most effective while not destroying the magnetization which is only slightly greater than the coercivity of the 
recorded on the master medium 70. 55 magnetic layer 44 of slave disc 16 may be sufiScient. The 

Obtaining a high coercivity master medium 70 is easier preferred localized write field for the present invention is 

because there is 00 magnetic noise requirements on the approximately 1.3 times the slave coercivity {H,^^1.3H^). 
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After demagnetizatioo 86, a master disc 70 is mounted oo 
spindle 72 in close proximity to slave disc 16 as shown in 
FIGS. 7 and 8, such that the servo master patterns on master 
disc 70 are in alignment with the desired locations of servo 
patterns on slave disc 16. This alignment may occur by using 5 
a conventional contact mask aligning station. 

The horizontal time axis in FIG. 6 is broken to indicate the 
alignment step 88 between the slave disc 16 and the master 
disc 70. After alignment 88, spindle 72 is rotated so master 
disc 70 and slave disc 16 rotate together relative to the jq 
magnetic field 90 produced by electromagnet 76. Electro- 
magnet 76 is oriented with respect to the master/slave 
combination such that the magnetic field 90 produced is 
in-plane relative to medium 38. The large (i.e., nonlocalized) 
magnetic field 84 produced by electromagnet 76 assists in 
transferring the magnetic pattern of master disc 70 onto 
slave medium 38. During serv^o-writing 90 (FIG. 6), the 
current i and electromagnet field 84 of electromagnet 76 
preferably start at zero, gradually increase to a maximum 
value, and then gradually decrease to zero. The direction of jo 
the current i, and hence the direction of electromagnet field 
84 H,, is alternated at a frequency which is high compared 
to the frequency of rotation of the slave/master disc com- 
bination. For the preferred magnetic parameters of master 
medium 70 and slave medium 38 given previously, a maxi- 25 
mum magnetic assist field 84 during servo-writing 90 of 
H,=2780 Oersteds is appropriate. 

The master disc 70 and slave disc 16 are shown in FIG. 
7 as being the same diape, with the master disc 70 having 
a slightly greater diameter and a slightly greater thickness 30 
than the slave disc 16. However, workers skilled in the art 
will appreciate that there are no size, shape or thidcness 
requirements for the master medium 70. In fact the master 
medium 70 can take on any shape provided that it bears a 
magnetic servo master pattern which will areally correspond 35 
to the desired servo pattern on the slave disc 16. 

Because the proximity printing operation occurs in a 
manufacturing setting and without using an air bearing 
magnetic head 28, there are no tribology requirements for 
either the master disc 70 or the slave disc 16 at the time of 40 
print-through. It is not necessary for the overcoat 46 and the 
lubricant 48 to yet be applied to either the surface of the 
master disc 70 or the slave disc 16. Accordingly, master 
medium 70 and slave medium 38 are depicted in FIG. 8 
without an overcoat layer 46 or a lubricant layer 48. The 45 
separation d between the magnetic layer 92 of the master 
medium 70 and the magnetic layer 44 of the slave disc 16 is 
dependent upon the smoothness of the respective surfaces 
and the flatness of the discs 16, 70. Workers skilled in the art 
will appreciate that, if print-through is performed prior to 50 
deposition of the overcoat layer 46 and lubricant layer 48, 
master medium 70 and slave medium 38 should be main- 
tained in a non-corrosive environment throughout the print- 
through process. Alternatively, overcoat layers 46 and lubri- 
cant layers 48 may be used on both the master medium and S5 
the slave medium 38. A practically achievable separation d 
between the magnetic layer 92 of the master medium 70 and 
the magnedc layer 44 of the slave medium 38 is about da4 
fim (1000 Angstroms). 

If the original magnetic transitions within the master 60 
medium 70 are very sharp, the sharpness of the magnetic 
transition will be affected by the electromagnet assist field 
84. In the limit, for high vahies of the electromagnet assist 
field 84 relative to the ooercivity of the master medium 70, 
a series of originally sharp transitions on the master medium 65 
70 will change into an approximately sinusoidal magneti- 
zation pattern. In addition to being able to survive a large 
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rotating field, the sinusoidal distribution in the master 
medium 70 also provides a larger stray field for writing into 
the slave medium 38. Accordingly, the preferred method of 
practicing the present invention involves use of a master 
medium 70 with sinusoidal magnetic transitions, particularly 
for servo bursts 62. 

During the print-through operation, the electromagnet 
assist field 90 enhances the local magnetic field produced by 
the master medium 70. The peak writing field can be 
expressed as H,^oH^+Hrf^(d), where Hd„(d) is the demag- 
netizing field produced by the magnetic transitions in the 
master mediimi 70 at a separation height d away &om the 
magnetic layer of the master medium 70 and centered 
between magnetic transitions. For the preferred vahies of 
B;t=1.8 Tcsla-;dn, bo40 /iin and d»^ ^ given previously, 
Hrf„(d)='527 Oersteds, so peak write field H,^=2780+527= 
about 3300 Oersteds. This provides the H^„o3300/2500= 
1.32 for writing the servo pattern into the demagnetized 
slave medium 38. When the direction of the electromagnet 
assist field 90 is reversed (i.e., against the direction of the 
demagnetizing field H^(d)), H^=2780-527o about 2250 
O6rsteds=0.9 H„ (as given eariier, H„o2500 Oersteds). 
Accordingly, the electromagnet assist field 90 does not 
reverse magnetism of the magnetically aligned domains 
after they have been written, regardless of subsequent rever- 
sal of the direction of electromagnet assist field 90. 

The sum of the rotating assist field 90 of electromagnet 76 
and the maximum demagnetizing field of the master medium 
70 must not exceed the coercivity of the master medium 70 - 
otherwise the master servo pattern on the master medium 70 
would be altered by the print-through process. WiXh the 
preferred values given, the demagnetizing field within the 
master magnetic layer (i.e., at d-0) Hj,„-720 Oersteds, so 
the write Field within the master medium 70 does not exceed 
the master medium coercivity H^. 

Rotation of the electromagnet assist field 84 relative to the 
slave disc 16 enhances the local magnetic field produced by 
the master medium 70. The magnetic transitions in the 
master mediimi 70 occur in the circumferential direction ©. 
The peak writing field occurs in the slave medium 38 when 
the magnetic assist field 90 points in the same direction as 
the circumferential magnetic transitions from the master 
medium 70, i.e., along line 98 in FIG. 7 where the magnetic 
assist field 84 is tangential to the slave disc 16. Rotation of 
the electromagnet assist field 84 relative to the aligned 
slave/master combination assures that the direction of the 
electromagnet assist field 84 and the circumferential direc- 
tion of the master transitions will align for all areas of the 
disc 16 because all areas of the disc 16 pass through line 98. 

FIG. 9 shows the write field in the circumferential direc- 
tion H,^ which is sensed by the slave medium 38 at a 
location centered between magnetized transitions on the 
magnetic master medium 70 (i.e., x=b/2). Superimposed 
with dashed line is the outline of the electromagnet assist 
field 84 fi-om FIG. 6. For simplicity, the high frequency 
switching of the direction of current and electromagnet field 
has not been shown, but rather the sensed field is shown 
continuously in both the positive and the negative directions. 

The write field in the circumferential direction is charac- 
terized by a munber of large sinusoidal variations 100 in 
magnitude v/ith a period 102. These sinusoidal variations 
100 are due to the rotation of the master/slave disc combi- 
nation (Le., with polar coordinate orientation) within the 
stationary electromagnet field 84 (i.e., with cartesian coor- 
dinate orientation). Period 102 reflects the rate of rotation of 
disc 16 relative to electromagnet field 84. 
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During demagDetizatioo 86, the write field is equally wide), as compared to the about 1 track width of a traditional 

centered about the horizontal axis in both -i- and - directions. recording head. The magnetic assist field created by the 

During servo-writing print-through 90, the write field is ultrawidc head should be highly concentrated at a distance 

centered about a positive value, with the shift being caused from the electromagnet which roughly corresponds with the 

by the demagnetizing field H^(d) of the master disc 70. The $ distance to the master/slave interface, running the entire 

write field is thus greater than the electromagnet assist field radius of the slave disc 16. The direction of the magnetic 

84 in a positive direction, corresponding with a write field assist field at the master/slave interface should be in-plane 

which exceeds the coercivity of the slave medium 38 and circumferential. For instance, the pole tips of the uhra- 

sufBcient to magnetically write on the slave medium 38. The wide head could be approximately 1-5 mm apart, extending 

magnitude of the write field is less than the electromagnet a fill 2Yi inch radius of the slave disc 16, with pairs of 

assist field 86 in the negative direction, corresponding with opposite pole tips arranged both above and below the 

a write field which is less than the coercivity of the slave master/slave interface(s). Having uhrawide heads both 

medium 38 sufficient to avoid reversal of the aligned mag- above and below the master/slave interface is helpful in 

netic domains concentrating the magnetic field created thereby closer to the 

n,e positive direction of the ofi&et of the write field fi?"^'*^ T"^"?- '^i, "T^f f 

, . rtrt • J . .u J- ^- <*u 100-200 Angstroms from the head poles to the magnetic 

durmg servo-wntmg 90 is due o the positive direction of the ^^^^ ^^^.^^^^ ^ 1^^^ 

demagnetizing field of the master disc 70. In locations where ^j^^^ ^ ^ prkt-throu^ prinUng is at least 
the master disc 70 is magneuzed m the opposite direcUon, ^U:]^^ of the master disk away from one of the 
the wnte field durmg servo-wnung will be offset m the ulu-awide heads, and at least the thickness of the slave disc 
negative direction. The servo-writing print through process 20 away from the other of the ulirawide heads. The master/ 
thus magnetizes a servo-pattern into the product slave disc sjave combination is rotated with respect to the linear 
16 having full transitions from magnetism in one direction magnetic assist field, so the linear magnetic assist field 
to magnetism in the opposite direction, resulting in a strong sweeps across the entire surface of the master/slave interface 
position error signal. in one rotation of the master/slave combination. The linear 
FIG. 10 shows a magnetization curve 104 for the master 25 magnetic assist field is used to magnetize all tracks 58 on the 
medium 70 superimposed with a magnetization curve 106 disc 16 equally and at the same time, 
for the slave medium 38 during ahgnment between the In contrast to the magnetic assist field 84 produced in 
maximum electromagnet assist field 84 and the dcmagne- FIGS. 5 and 11, the magnetic assist field of the ultrawidc 
tizing field of the master medium 70. The dashed line 108 head configxiration maintains circumferential alignment with 
represents the magnetization path of the master medium 70 30 respect to the master/slave combination. While this servo- 
due to alternation of the direction of magnetism in the writing process may require more rotations of the master/ 
electromagnet field 84. The dashed hne 110 represents the slave combination as compared to the large magnetic assist 
magnetization path of the slave medium 38 due to alterna- field 84 produced by the electromagnet of FIGS. 5 or 11, 
tion of the direction of magnetism in the electromagnet field servo-writing is still achieved much more quickly than with 
84. The relationship between the demagnetization field, the 35 traditional methods. 

electromagnet assist field 84 and the slave coercivity causes As a third alternative embodiment, a toroidal (doughnut) 
the slave medium 38 to take on a residual magnetization shaped electromagnet/conductor combination could be con- 
corresponding to the magnetization of the servo-master structed. The toroidal combination should be constructed to 
pattern. At the same time, the higher coercivity of the master produce an altematable magnetic field which is circumfer- 
medium 70 keeps the master medium 70 from losing mag- 40 entially directed about axis 74. The master/disc combination 
netization due to the electromagnet field 84. Workers skilled may then be positioned within this electromagnet during the 
in the art will appreciate that the magnetization curve 106 of print-through process. With the toroidal combination, the 
the slave medium 38 and the magnetization curve 104 of the print-through magnetic assist field is drcumferentially ori- 
master medium 70 and the magnitude of the electromagnet ented at all locations on the disc. The aligned magnetic 
assist field 84 must interaa to achieve the beneficial results 45 domains, which can be theoretically viewed as vectors, are 
of the present invention. thus commonly aligned or oriented in the circumferential 
Workers skilled in the art will recognize that there may be direction without a radial component, similar in orientation 
other feasible methods for aligning the electromagnet assist to the direction of the magnetic domains produced in iradi- 
field 84 with the circumferential direction of the magnetic tional servo-writing. Such an arrangement would be more 
transitions on the slave disc 16. As an alternative 50 compUcaied in terms of mechanical construction of the 
embodiment, shown in FIG. 11 , the master/slave disc com- electromagnet for the assist field, but would tend to reduce 
bination may be placed between two electromagnets 112, any radial component to the direction of aligned magnetic 
114 at 90° angles to each other. The first electromagnet 112 domains. 

is driven with a current 90" out of phase with respect to the Workers skilled in the art will appreciate that the transi- 

current driven through the second electromagnet 114. The 55 tions of the master medium 70 may dififer significantly, both 

direction of the magnetic assist field is in-plane relative to in sharpness and in areal extent, from the magnetic transi- 

the master/slave combination. In this case, no physical tions 56 which are subsequently recorded on the slave 

rotation of the discs 16, 70 may be required, but the design medium 38. For instance, a decrease in definition of the 

of the electromagnets 112, 114 becomes more difficult. image transferred by the proximity printing can be compen- 

As a second alternative embodiment, a middle ground 60 sated for by adjusting the areal overlap between bursts on the 

could be chosen between the large, non-localized electro- master medium 70. With reference to FIG. 4, good definition 

magnet field 84 described above and the highly localized, along a track 58 of the slave disc 16 is not necessary as long 

point magnetic filed of a traditional recording head. An as the magnetization in the recording medium 38 gets close 

electromagnet could be constructed with a linear gap extend- to +/- Br halfway between transitions 56. In reading the 

ing immediately adjacent the master/slave combination from 65 slave servo pattern and detecting areas of servo bursts 62, a 

axis 74 (shown in FIG. 7) radially outward. The linear gap sinusoidal output wave shape may actually be preferable to 

should be **ultrawide" (say, for example, 40,000 tracks a sequence of spikes separated by long stretches of base line. 
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The present prini-through process has been described with read from the outside iransilions 66. If the magnetic head 28 

reference to only one side of a disc 16. Workers skilled in the is toward the inside of the track 58, the signal firom the inside 

art will appreciate that one-sided discs may be used in the transitions 64 will be stronger than the signal from the 

disc drive product, or that two onc-sidcd discs may be joined outside transitions 66. If the magnetic head 28 is toward the 
back-to-back to form a two-sided disc in the disc drive $ outside of the track 58, the signal from the outside transi- 

product. In the alternative, two master discs 70 can be used ijons 66 wiU be stronger. By comparing portions of the servo 
in the print through process, each aligned against a respec- ^ signal, the disc drive 10 can iteraiively adjust the 

tive side of the product disc 16. The magnetic flux patterns ^ead 28 location unul a zeroed position error signal is 

within the magnetic layers 44, underlayers 42, and substrate ^^^^^ ^^^^ indicating that the head 28 

40 and the relatively large distance between rnagneUc layers ^ ^ ^^^^^^ ^^^^ 3g 

44 on the two sides of the product disc 16 prevent any r„ . ^ . . . . /-r^^^ 
measurable magnetic transfer from top side to bottom side beneficial result of the magnetic media of HGS. 12 

through the prtSuct disc 16. ^7^*^ sunphficaUoD of the servo-wnting 

A 1. J- '.u • 1-c J %• f .u process. With the boundancs of non-magnctic portions 122 

An alternative disc 120 with simphfied wnling of the j ^ j i • *i. .» 

. 11 u ™ '.u f . pre-defined, placing the magnetic pattern on servo patterns 

servo pattern IS schematically shown with reference to FIG. f P , ji 

w Vf^ ^-1 ^- -.^ r.i. J- J- J becomes much easier, less time-consummg, and less cxpen- 
12. In FIG, 12, portions 122 of the recording medium 38 do n r *• j _ • u- u u 

.... . srve. Because all of the magnetic domains which bear a 

not support a magnetic signal. I.e., the magnetic domains of . t _^ i* j- • r *u 

.^^^^ ^ ' i! ■ . ui f signal are augned m a smglc direction, they can be com- 

portions 122 are not present or otherwise are not capable of ^ , •„ i_ . i c ij u- u • _ n 

^ . .If -1. monly vmtten by an extenaal magnetic field which is areally 

magnetic alignmenl regardless of any processmg by an ^^^i ^lan the highly locaUzcd magnetic field used to 
external magnetic field. The boundanes of non-magneUc _j * j-*- i L j j * j- i^ c 

^-.^ J, n . f i_ • r J- J record traditional servo patterns and data on the disci 6. For 

portions 122 are defined dunne fabrication of disc 16 and . . - <• no i u •*l 

I r. t t -n. ■ • instance, the servo patterns of FIG. 12 can be written with 

before any servo-wntmg lakes place. The remammg por- . , r *■ u j '^o . i eo .u 

^-^^ 1- J* J- L - 1 a smgle pass of a magnetic head 28 over a track 58, rather 

tions 124 of the recording medium have a signal magneti- ^. ~' . i eo j tt « * u- »» j j • 

, J , . J. J . J than two passes per track 58 and "sUtching used dunng 

cally recorded thereon, as mdicated by + and - magnetiza- j *,* i 

. . -ft T • • 1 • ^-^A J * traditional servo-wntmg. 

tion signs 50, 52. In magnetic signal portions 124, due to the ,r 

application during servo-writing of a magnetic field, the ^« ^ervo patterns of FIGS. 12 and 13 can also be written 

magnetic domains of the magnetic layer 44 are aU oriented by a specialized ultrawide servo water head that produce a 

in the same direction. Because all magnetic signal portions ^"^^^ ^^^S^^^i^ field in the radial direction, and by sweeping 

124 bear a common signal in the same direction, there are no the hnear magnetic field over the enUre surface of disc 16 m 
transitions within eadi signal portions 124 within a track 58. 3. * single pass. Tlie servo patterns of FIGS. 12 and 13 can 

The transitions which can be sensed are between the aUgned alternatively be wntten by submersmg the disc 16 mto a 

magnetic signal portions 124 and the non-magnetic portions l^rge rotating or circumfereoUal magnetic field 84. similar to 

122, Magnetic signal portions 124 are in a pattern which ^^at descnbed earher with reference to RGS. 5 and 11. 
represents both gray code information 60 and servo bursts Workers skilled in the art wUl recognize that the present 
62. Workers skilled in the art will see that the alternative 35 invention could be used for the servo burst 62 portion of the 

servo-burst pattern shown in FIG. 4a could similarly be servo-pattern information, while leaving the gray code infor- 

readily modified by the present invention to consist of mation 60 recorded by traditional methods. Provided the 

ahgned magnetic signal portions and the non-magnetic centering servo burst information 62 was written in accor- 

portions. dance with this invention, gray code information 60 could be 

In FIG. 12. product disc 120 has non-magnetic portions 40 sequentially written by the magnetic head 28 of the disc 

122 which are essentially "islands" in a "sea" of commonly drive system 10 at a later time, without any servo-wnter 

recorded magnetic signal portions 124. FIG. 13 represents equipmem present. Writing of the gray code information 60 

an alternative embodiment of FIG. 12, In FIG. 13, product would merely involve a traversal of the magneuc head 28 

disc 128 has magnetic portions 124 which arc "islands" in a outward on the disc 16 to wnie mdexmg mformation to each 
"sea" of non-magnetic portions 122. The transitions which 45 of tracks 58 as defined by the servo bursts 62. The outward 

can be sensed are again between the aUgncd magnetic signal traversal of magnetic head 28 should be perfonned slowly 

portions 124 and the non-magnctic portions 122. and carefully to verify that complete gray code information 

Unlike tradiUonal servo patterns, magnetic signal portions ^0 is provided to each of the trades 58 without skipping any 

124 of the servo patterns of FIGS. 12 and 13 are all aligned ^^cl^ ». 

in the same, single direction. In reading the servo-patterns of 50 Numerous methods are contemplated for creating the 

FIGS. 12 and 13, the transitions sensed by the read head 28 pattern of non-magnetic portions 122 on the magnetic 

are not between opposite directions of magnetic alignment. medium 38. For instance, as shown in ETG. 14, the magnetic 

Rather, the sensed transitions are between the positive layer 44 may be removed from non-magnctic portions 122 

magnetic field provided over magnetic signal portions 124 prior to deposition of the overcoat layer 46. The overcoat 46 
and the absence of magnetic field or the weaker magnetic 55 and lubricant layer 48 extend over both magnetic portions 

field signal when flying over a non-magnetic portion 122. 124 and non-magnetic portions 122, and help with smooth- 

This provides a position error signal of the servo patterns ing the surface for flyability and for providing corrosion 

which is theoretically half that of a traditional servo pattern. protection. Because the magnetic layer 44 is absent from 

Workers skilled in the art will appreciate that the data portion 122. portion 122 does not support a magnetic charge, 
portions (not sbovm) of tracks 58, which have no non- 60 Magnetic flux 54 is sensed by the read transducer only when 

magnetic portions 122, are written during use of the disc it is flying over magnetically charged portion 124, 
drive by traditional methods including reversing the direc- One method to remove the magnetic medium from non- 

tion of magnetization to create full magnetic transitions. magnetic portions 122 is with a photolithographic etching 

Centering over the track 58 is accomplished by comparing process diuing fabrication of the disc 16, Photolithographic 
portions of the signal read firom the servo bursts 62. If the 65 etching processes are well known in the semi-conduaor art, 

magnetic head 28 is centered over the Uack 58, the signal and will only be summarized here. After deposition of 

read from the inside transitions 64 will be equal to the signal magnetic layer 44 but prior to deposition of the overcoat 46, 



08/04/2003, EAST Version: 1.04.0000 



us 6,181 

IS 

a photoresist mask is applied over the magnetic layer 44. The 
process linewidth that is required for the photolithographic 
etching process is approximately equal to the fiux transition 
to flux transition spacing within the servo-pattern, typically 
about one micron or more, which is within state of the an 5 
linewidth resolution capabilities. Hie photoresist mask has a 
pattern which covers all the magnetic portions 124 of the 
servo-pattern, but leaves the non -magnetic portions 122 
unprotected. The photoresist mask should also cover and 
protect the entirety of the data portions on the disc 16. An lo 
acid or other diemical etching step may then be used to 
remove portions of the magnetic layer 44 which are not 
protected by the photoresist mask. After etching, the pho- 
toresist mask may be dissolved or otherwise completely 
removed. Further fabrication of the disc 16, including depo- is 
sition of the overcoat 46 and lubricant layers 48 over the 
surface of the disc 16, may then be completed. 

Workers skilled in the art will recognize that alignment of 
the disc axis with the photolithographic pattern is critical to 
the success of this type of servo-writing process. The 20 
servo-pattern information must be precisely located in the 
radial direction to assure that the servo-pattera information 
is concentric with the rotation of the disc 16 relative to the 
magnetic read head 28. 

An alternative method to remove the magnetic medium in 
non-magnetic portions 122 is to place a photolithographic 
hft-off pattern on the underlayer 42 of disc 16 prior to 
sputtering of the magnetic layer 44, The Uft-off pattern 
corresponds with the design and location of the non- 
magnetic portions 122. After the magnetic layer 44 is 
applied over the entire surface of the disc 16, the liftoff 
pattern and overlying magnetic layer 44 may be lifted off in 
the desired areas 122. 

Another altemative method to remove the magnetic 
medium in non-magnetic portion 122 is to use ion milling. 
The ion milling process is known in other arts as a way to 
selectively and accurately remove thin layers of material, 
and will not be specifically described here. The ion milling 
process must be accurately controlled to assure that mag- ^ 
netic layer 44 is removed only in the specific pattern of 
non-magnetic portions 122. 

Other altemative methods to create non-magnetic por- 
tions 122 include placing material 130 which is magnetically 
non-responsive within the magnetic layer 44. This is shown 45 
with reference to FIG. 15, wherein non-magnetic portions 
122 exist within magnetic layer 44. In either the etching or 
lift-off processes, the surface irregularities created as 
described with reference to FIG. 14 could be filled with 
some hard material 130 such as tantalum. Filling the non- 50 
magnetic portions 122 to the same overall height as mag- 
netic portions 124 is helpful in improving flyabiUty and 
tribology of the disc 16. 

Another altemative method to create the non-magnetic 
areas is through an ion implantation or other process that 55 
destroys or alters the magnetic properties of the magnetic 
layer 44. The magnetic altering process may be accom- 
pUshed with a photoresist mask overlying and protecting the 
magnetic portions of the magnetic layer 44. With ion 
implantation for instance, ions of a "kill" material that 60 
disrupts the crystallographic structure of the cobalt-based 
magnetic layer 44 may be implanted to create the non- 
magnetic portions 122 at the locations which are not covered 
by the photoresist mask. Various other types of processes 
can alternatively be used to reduce the magnetism of the 65 
magnetic layer 44 in locations corresponding to non- 
magnetic portions 122. 



,492 Bl 

16 

Although the present invention has been described with 
reference to preferred embodiments, workers skilled in the 
art wiU recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. 

What is claimed is: 

1. A method of creating a magnetic disc with a magnetic 
servo pattern thereon, comprising steps of: 

(a) magnetically writing a servo-master pattern onto a 
servowriter medium, the servo-master pattern defining 
a plurality of concentric tracks; 

(b) aligning a magnetic disc immediately adjacent the 
servowriter medium, the magnetic disc having a lower 
cocrcivity than the servowriter medium; and 

(c) providing a magnet having poles with a spacing 
greater than the radius of the disc, the magnet applying 
a magnetic assist field to the aligned servowriter 
medium and magnetic disc. 

2. The method of claim 1, wherein the servo-master 
pattern comprises a pluraUty of servo bursts with sinusoidal 
magnetic transitions. 

3. The method of claim 1, further comprising a step of: 

(d) demagnetizing the magnetic disc prior to the aligning 
step (b). 

4. The method of claim 3, wherein the demagnetizing step 
(d) is achieved by applying a demagnetizing field to the 
magnetic disc, the demagnetizing field having a substan- 
tially equal magnitude across an entire radius on the mag- 
netic disc at any given time during demagnetizing, the 
demagnetizing field being in-plane and rotated relative to the 
magnetic disc. 

5. The method of claim 4, further comprising a step of: 

(e) varying the magnitude of the demagnetizing field 
during demagnetizing. 

6. The method of claim 1, wherein the servowriter 
medium is a magnetic thin fikn disc. 

7. The method of claim 6, wherein lb& servowriter 
medium has an exterior layer of magnetic material without 
an overcoat. 

8. The method of claim 1, wherein the servo-master 
pattem includes a plurality of servo patterns circumferen- 
tially spaced in each of the tracks, each of the servo patterns 
including a radial position address for its track and a servo 
burst for centering a magnetic transducer over the track, 
each of the servo bursts including transitions between a 
plurahty of inner locations and a plurality of outer locations 
within the track, 

9. The method of claim 1, further comprising steps of: 
(d) separating the servowriter medium from the magnetic 

disc; 

(c) after the separating step, depositing an overcoat over 
the magnetic disc; and 

(f) depositing a lubricant layer over the overcoat. 

10. The method of claim 1, wherein the magnetic disc has 
a substantially planar magnetic layer, and wherein the mag- 
netic assist field is directed substantially in-plane relative to 
the magnetic layer. 

11. The method of claim 1, wherein the magnetic assist 
field has a field strength greater than the coercivity of the 
magnetic disc and less than the coercivity of the servowriter 
medium. 

12. The method of claim 1, wherein the magnetic assist 
field has a substantially equal magnitude at all locations on 
the aligned servowriter medium and magnetic disc. 

13. The method of claim 1, further comprising a step of: 

(d) rotating the aligned servowriter medium and magnetic 
disc relative to the magnetic assist field. 
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14. The method of claim 13, wherein the magnetic assist 
field is held constant in direction and magnitude during the 
rotating step (d). 

15. A method of creating a magnetic servo pauera on a 
magnetic disc, comprising steps of: 5 

(a) magnetically writing a scrvo-mastcr pattern onto a 
scrvowritcr medium, the servo-master pattern defining 
a plurality of concentric tracks; 

(b) aligning a magnetic disc immediately adjacent the 
servowriter medium, the magnetic disc having a sub- 
slantially planar magnetic layer and a lower coercivity 
than the servowriter medium; and 

(c) applying a magnetic assist field to the aligned servow- 
riter medium and magnetic disc to transfer a servo 
pattern onto the magnetic disc, the magnetic assist field 
being directed substantially in-plane relative to the 
magnetic layer. 

16. The method of claim 14, wherein the servo-master 
pattern includes a plurality of servo patterns circumferen- 
tially spaced in each of the tracks, each of the servo patterns 
including a radial position address for its track and a servo 
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burst for centering a magnetic transducer over the track, 
each of the servo bursts including transitions between a 
plurality of inner locations and a plurality of outer locations 
within the track. 

17. The method of claim 15, in which the servowriter 
mediiun has a thin film surface with an exterior layer of 
magnetic material without an overcoat. 

18. The method of claim 14, wherein the magnetic assist 
field has a field strength greater than the coercivity of the 
magnetic disc and less than the coercivity of the servowriter 
medium. 

19. The method of claim 14, wherein the magnetic assist 
field has a substantially equal magnitude at all locations on 
the aligned scrvowritcr medium and magnetic disc. 

20. The method of claim 15 in which the step (c) of 
applying includes a step of: 

(d) providing a magnet that has poles with spacing greater 
than the radius of the disc. 

***** 
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